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@ Adhesive composition. 

Q\ Disclosed is an adhesive composition comprising (a) 100 
parts by weight of a monomer mixture comprising a vinyl 
monomer having an acidic group in the molecule and a vinyl 
monomer copolymerizable with said vinyl monomer, (b) 10 to 
500 parts by weight of a filler, (c) 0.01 to 1 0 parts by weight of a 
polymerization initiator and (d) 0.01 to 10 parts by weight of 
ascorbic acid or a derivative thereof. This adhesive composi- 
tion has a high bonding force and an excellent durability even in 
a severe environment, for example, In the environment in the 
oral cavity. Accordingly, this adhesive composition is especially 
valuable used as a dental adhesive. 
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Description 

ADHESIVE COMPOSITION 



5 Background of the Invention 



(1) Field of the Invention 

The present invention relates to an adhesive composition having a high bonding force and an excellent 
10 durability. More particularly, the present invention relates to an adhesive composition especially valuable as a 
dental adhesive. 

(2) Description of the Related Art 

A variety of adhesive are used in various fields, and recently, they are extensively used in the automobile 
15 industry, the electric power industry and related industries, the construction field and the medical industry. 
Adhesives having excellent properties required in the respective fields have been developed. Adhesives used 
in the medical field, for example, dental adhesives used for restoration of teeth, are required to have strong 
bonding force and high durability sufficient to resist severe conditions such as those in the oral cavity. 
Accordingly, various dental adhesives having special functions capable of resisting severe conditions have 
20 been proposed. 

For example, Japanese Patent No. 33363/81 proposes an adhesive composition comprising an acrylic acid 
ester type vinyl monomer, an organic peroxide, an amine and a sulfinic acid salt. In this adhesive composition, 
it is intended to increase the bonding strength by using a ternary curing system comprising an organic 
peroxide, an amine and a sulfinic acid salt. Indeed, according to this proposal, a certain improvement over the 
25 conventional adhesive compositions can be attained. However, the adhesiveness to the dentine of a tooth is 
still insufficient, and it is necessary that the bonding force to the enamel of a tooth or a metal should be 
increased. 

Japanese Patent Publication No. 36791/79 proposes a dental adhesive composition comprising an acrylic 
acid ester type vinyl monomer, an organic peroxide, an amine and an L-ascorbic acid. The object of this 
30 proposal is to adjust the curing time of the dental adhesive composition, and it Is taught that this composition 
is advantageous in that an appropriate operation time can be obtained by using an L-ascorbic acid as the 
co-catalyst. However, from the results of tracing experiments made by us, it was confirmed that increase of the 
bonding force cannot be expected, though the curing time can be effectively adjusted. 
Furthermore, Japanese Patent Publication No. 17513/83 and Japanese Patent Publication No. 30681/84 
35 propose an adhesive comprising an acid group-containing monomer such as 4-rnethacryloxyethyltrimelIitic 
acid and/or an anhydride thereof, a vinyl compound and a radical initiator. In this adhesive composition, if 
tri-n-butylborane oxide is used as a catalyst, the bonding force to the dentine of a tooth can be improved, but 
since tri-n-butylborane oxide reacts with oxygen in air and ignition is caused or the oxide is rendered inactive, 
. scrupulous care is necessary for the handling. Moreover, the improvement of the adhesion strength is still 
40 insufficient. 

Therefore, development of an adhesive composition having sufficient bonding force and durability even in a 
special environment, for example, a dental adhesive having such excellent characteristics in the oral cavity, is 
eagerly desired in the art. 

45 

Summary of the Invention 

It is therefore a primary object of the present invention to provide an adhesive composition having strong 
bonding force and high durability in various fields, which is especially valuable as a dental adhesive. 
50 Another object of the present invention is to provide an adhesive composition having a high adhesion 
strength to the dentine of a tooth. 

Other objects of the present invention will become apparent from the detailed description given hereinafter. 

The present invention is to provide a novel adhesive composition which has high adhesion strength and 
excellent durability even in a severe environment such as the environment in the oral cavity. 
55 More specifically, in accordance with the present invention, there is provided an adhesive composition 
comprising (a) 100 parts by weight of a monomer mixture comprising a vinyl monomer having an acidic group 
in the molecule and a vinyl monomer copolymerizable with said vinyl monomer, (b) 10 to 500 parts by weight of 
a filler, (c) 0.01 to 10 parts by weight of a polymerization initiator and (d) 0.01 to 10 parts by weight of ascorbic 
acid or a derivative thereof. 

60 

Detailed Description of the Preferred Embodiments 
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One constituent component of the adhesive composition of the present invention is a monomer mixture 
comprising a viny! monomer having an acidic group in the molecule (hereinafter referred to as 'acidic 
group-containing monomer") and a vinyl monomer copolymerizable with said acidic group-containing 
monomer. 

The acidic group-containing vinyl monomer is a component indispensable for maintaining the adhesive 5 
strength of the adhesive composition of the present invention at a very high level. However, if the. acidic 
group-containing monomer aJone is used as the monomer component, the viscosity of the adhesive 
composition is too high and the operation adaptability is poor, and the practical handling becomes difficult. 
Accordingly, in the present invention, the operation adaptability is improved by using a vinyl monomer 
copolymerizable with the acidic group-containing vinyl monomer. Therefore, the composition of the monomer w 
mixture is mainly influenced by the properties of the acidic group-containing vinyl monomer. It is sufficient if 
the content of the acidic group-containing vinyl monomer in the monomer mixture is 1 to 90% by weight, 
preferably 1 to 50% by weight. 

A vinyl monomer having an acidic functional group in the molecule can be used as the acidic 
group-containing monomer without any limitation in the present invention. For example, vinyl monomers 15 
having a functional group such as a carboxylic acid, phosphoric acid or sulfonic acid group and a 
polymerizable unsaturated group are preferably used. As specific examples of the acidic group-containing 
vinyl monomer, there can be mentioned carboxylic acid group-containing vinyl monomers such as methacrylic 
acid, acrylic acid, 2-acryloxypropionic acid, p-methacryloxybenzoic acid, 4-methacryloxyethyltrimellitic acid, 
its anhydride, 4-vinylbenzoic acid, 7-methacryloxy-1,1-heptane-dicarboxylic acid, 11-methacryloxy-1,1-unde- 20 
canedicarboxylic acid and 13~methacrytoxy-1,1-tridecanedicarboxylic acid, phosphoric acid group-containing 
vinyl monomers such as vinylphosphoric acid, 2-methacryloxy ethyl phosphate, 2-methacryloyloxyethyl 
phosphate, 2-methacryloyloxyethylphenyl hydrogenphosphate, 10-methacryloxydecyi phosphate and a 
reaction product between bispheno! A diglycidyi methacrylate and phosphrous oxychloride, and sulfonic acid 
group-containing monomers such as vinylsulfonic acid, 2-suifoethyl methacrylic acid, vinytbenzylsulfonic acid 25 
and methacryioxydecyl 5-sulfo-salicylate. 

In order to obtain an adhesive composition having an especially high adhesiveness, it is preferred that an 
acidic group-containing acrylate or methacrylate type vinyl monomer having an alkyl or aryl group having 4 to 
12 carbon atoms be used as the acidic group-containing vinyl monomer. A vinyl monomer having a structure in 
which a carboxylic acid group or its anhydride group is directly bonded to the alkyl or aryl group is especially 30 
p re f erre( j. These acidic group-containing vinyl monomers can be represented by the following general formula 
(I) or (11) 



si 



CH 2 =C y C0 2 H 

X COf CH 0 -h- CH " (I) 

II 2 n 



0 C0 2 H 
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CH 2 =C (II) 

N(*ch 2 -^ 0 - Q - 

0 



wherein Ri stands for a hydrogen atom or a methyl group, n is a number of from 4 to 12, R2 stands for a 
hydrogen atom or a methyl group, m is a number of from 2 to 4, and X is 
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As the acidic group-containing vinyl monomer represented by the general formula (I), there can be 
mentioned 7-ethacryloxy-1,1-heptane^icjarboxylic acid, 11-methacryloxy-1,1-undecane-dicarboxylic acid and 
IS^ethacryJoxy-l.l-tridecane-dicarboxylic acid. As the acidic group-containing vinyl monomer represented 65 
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by the general formula (II), there can be mentioned 4-methacryloxyethyltrimellitic acid and its anhydride. 

By using the vinyl monomer represented by the general formula (I) or (II), not only the adhesiveness but also 
the water resistance can be improved in the obtained adhesive composition. 
An acidic group-free vinyl monomer copolymerizable with the acidic group-containing vinyl monomer can be 

5 used as the vinyl monomer to be mixed with the acidic group-containing monomer without any limitation. 
Acrylic acid esters and methacrylic acid esters are preferably used. 

As specific examples of the copolymerizable vinyl monomer preferably used in the present invention, there 
can be mentioned monofunctional vinyl monomers such as methyl acrylate, methyl methacrylate, ethyl 
acrylate, ethyl methacrylate, n-propyl acrylate, n-propyi methacrylate, isopropyl acrylate, isopropyi 

w methacrylate, n-butyl acrylate, n-butyl methacrylate, isobutyl acrylate, isobutyl methacrylate, n-hexyl acrylate, 
n-hexyl methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyl methacrylate, tridecyl acrylate, tridecyl methacrylate, 
stearyl acrylate, stearyl methacrylate, 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, 2-hydroxyIpropyl 
acrylate, 2-hydroxypropyl methacrylate, glycidyl acrylate, glycidyl methacrylate, methoxydiethylene glycol 
acrylate and methoxydiethylene glycol methacrylate, and polyfunctions vinyl monomers such as ethylene 

15 glycol diacrylate, ethylene glycol dimethacrylate, diethylene glycol diacrylate, dlethylene glycol dimethacrylate, 
triethylene glycol diacrylate, triethylene glycol dimethacrylate, tetraethylene glycol diacrylate, tetraethylene 
glycol dimethacrylate, propylene glycol diacrylate, propylene glycol dimethacrylate, 1 ,4-butane-diol diacrylate, 
1,4-butanediol dimethacrylate, 1 ,6-hexane-diol diacrylate, 1 ,6-hexane-diol dimethacrylate, neopentyl glycol 
diacrylate, neopentyl glycol dimethacrylate, 1,10-decane-diol diacrylate, 1,10-decane-diol dimethacrylate, 

20 bisphenol A diacrylate, bisphenol A dimethacrylate, 2,2'-bis-[acryloyloxypolyethoxyphenyl]propane, 2,2'-bis- 
[methacryloyloxypolyepoxyphenyl]propane, bisphenol A diglycidyl methacrylate, trimethylolpropane acrylate, 
trimethylolpropane methacrylate, trimethylolethane triacrylate, trimethylolethane trimethacrylate, tetramethy- 
lolmethane tetra-acrylate and tetramethlolmethane tetramethacrylate. 
The second component (b) used in the present invention is a filler. The adhesion strength of the adhesive 

25 composition of the present invention is greatly influenced by the combination of the above-mentioned acidic 
group-containing vinyl monomer and ascorbic acid described hereinafter. However, the filler is practically 
important for further improving the adhesion strength. The functional mechanism of enhancing the adhesion 
strength by incorporation of the filler has not been elucidated, but if the filler is incorporated, the adhesion 
strength Is at least two times as high as the adhesion strength attained when the filler is not incorporated. 

30 The kind of the filler used in the present invention is not particularly critical. Known fillers can be used. In 
general, organic fillers and inorganic fillers customarily used for dental resin materials can be used singly or in 
combination. As the organic filler, there are preferably used homopolymers and copolymers of acrylic acid 
esters and methacrylic acid esters, polyvinyl chloride, polystyrene, polyesters and nylons. As the inorganic 
filler, there are preferably used quartz, amorphous silica, sllica-zirconia, silica-titania, clay, aluminum oxide, 

35 talc, mica, kaolin, glass, barium sulfate, zirconium oxide, titanium oxide, silicon nitride, aluminum nitride, 
titanium nitride, silicon carbide, boron carbide, calcium carbonate, hydroxyapatite and calcium phosphate. It is 
generally preferred that an inorganic filler be used after It has been treated with a silane coupling agent such as 
y-methacryloyloxypropyltrimetoxysilane and vinyltriethoxysilane. 
In the present invention, the amount used of the filler is changed according to the kind of the filler per se and 

40 the kinds and amounts of other constituents, and the amount of the filler cannot be simply defined. However, it 
is generally preferred that the filler be used in an amount of 10 to 500 parts by weight per 100 parts by weight of 
the monomer mixture. The particle size of the filler is preferably 0.01 to 500 u.m, especially preferably 0.01 to 
200 jim. In the present invention, a polymer of an acrylic acid ester or methacrylic acid ester is preferably used 
as the filler. 

45 The third component (c) used in the present invention is a polymerization initiator. In general, known 
polymerization initiators can be used singly or in combination without any limitation. In general, organic 
peroxides, tertiary amines and a-diketones are preferably used as the polymerization initiator. In order to 
improve the adhesiveness to a metal, it is especially preferred that an organic peroxide and a tertiary amine be 
used in combination. In order to improve the adhesiveness to resin, it is especially preferred that a-diketone 

50 and an organic peroxide be used in combination. 

As preferred examples of the organic peroxide as the polymerization initiator, there can be mentioned diacyi 
peroxides such as dibenzoyl peroxide, 2,4-dichlorobenzoyI peroxide, dilauroyl peroxide, dioctanoyl peroxide 
and decanoyl peroxide, hydroperoxides such as cumene hydroperoxide and t-butyl hydroperoxide, and 
ketone peroxides such as cyclohexanone peroxide and methylethylketone peroxide. These organic peroxides 

55 can be used singly or in the form of a mixture of two or more of them. 

As preferred examples of the tertiary amine as the polymerization Initiator, there can be mentioned toluidine 
derivatives such as N,N-dimethyl-p-toluidine and N.N-dihydroxy-ethyi-p-toluidine, aminobenzoic acid 
derivatives such as 4-(N,N-diethylamino) benzoic acid, ethyl 4-(N,N-dimethylamino)-benzoate and isoamyl 
4-(N,N-dimethylamino)benzoate, aminobenzaldehyde derivatives such as 4-(N l N-dimethylamino)benza!de- 

60 hyde, 4-(N,N-diethylamino)benzaldehyde and 4~(methylhexyIamino)benzaldehyde, anisidine derivatives such 
as N,N-dimethyl-m-anisidine, N,N-dimethy1-p-anisidine and N.N-diethyl-p-anlsldine, aminophenol derivatives 
such as N.N-dimethyl-m-aminophenoi and N.N-dlethyl-m-aminophenol, and aniline derivatives such as 
p-propoxy-N,N-dimethylani!ine, p-butoxy-N,N-dirnethylaniline and p-hexyloxy-N.N-dimethylaniline. 
As preferred examples of a-diketone as the polymerization initiator, there can be mentioned diacetyl, 

65 2,3-pentadione, 2,3-hexadione, benzil, 4,4'-dimethoxybenzil 4,4'-diethoxybenzil, a-naphthyl f*-naphthyl and 
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camphorquinone. 

Acyl peroxides such as dibenzoyi peroxide are especially preferred as the organic peroxide. When the 
tertiary amine is used in combination with an organic peroxide, toluidine derivatives such as N.N-dimethyi- 
p-toluidine and aminobenzoic acid derivatives such as ethyl 4-(N,N-dimethyIamino)benzoate are especially 
preferred. When the tertiary amine is not used in combination with the organic peroxide but is used singly, an 5 
aminobenzoic acid derivative is especially preferred in view of the adhesiveness and storage stability. 

In the present Invention, the organic peroxide, the tertiary amine or the cc-diketone is used in an amount of 
0.01 to 10 parts by weight, preferably 0.05 to 5 parts by weight, per 100 parts by weight of the vinyl monomer 
mixture. When the organic peroxide alone is used, the amount of the organic peroxide is preferably 0.01 to 5 
parts by weight, especially preferably 0.05 to 5 parts by weight, and when the tertiary amine alone is used, the 10 
amount of the tertiary amine is preferably 0.01 to 5 parts by weight, especially preferably 0.05 to 5 parts by 
weight. When the a-diketone alone is used, the amount of the a-diketone is preferably 0.01 to 5 parts by 
weight, especially preferably 0.05 to 5 parts by weight. If both of the organic peroxide and the tertiary amine are 
used in combination, it is preferred that the total amount be. 0.01 to 5 parts by weight, especially 0.05 to 5 parts 
by weight, per 100 parts by weight of the vinyl monomer mixture and the organic peroxide/tertiary amine 75 
weight ratio be in the range of from 0.05 to 20. If both of the a-diketone and the organic peroxide are used in 
combination, it is preferred that the total amount be 0.01 to 5 parts by weight, especially 0.05 to 5 parts by 
weight, per 100 parts by weight of the vinyl monomer mixture and the a-diketone/organic peroxide ratio.be in 
the range of from 0.05 to 20. 

The fourth component (d) used in the present invention is ascorbic acid or a derivative thereof. As pointed 20 
out hereinbefore, an adhesive composition in which ascorbic acid or a derivative thereof is used in 
combination with monomers and polymerization initiator different from those used in the present invention is 
known. However, in the conventional adhesive composition, ascorbic acid or its derivative is used as the 
co-catalyst. An adhesive composition in which ascorbic acid or its derivative is used for improving the 
adhesive strength has not been known. In fact, in the conventional adhesive composition comprising ascorbic 25 
acid or its derivative, the adhesion strength to the dentine is 20 to 50 kg/cm 2 at highest. In contrast, in the 
adhesive composition of the present invention, the adhesion strength to the dentine is ordinarilly 90 to 100 
kg/cm 2 and in an extreme case, the adhesion strength to the dentine is close to 200 kg/cm 2 . This unexpected 
effect is mainly attained by combining ascorbic acid or a derivative thereof with the above-mentioned specific 
monomer and filler. Use of ascorbic acid or a derivative thereof for improving the adhesion strength is first 30 
proposed by the present invention. In other words, the finding that a high improvement of the adhesion 
strength is attained by combining ascorbic acid or a derivative thereof with the acidic group-containing 
monomer and filler is quite surprising. As is apparent from the foregoing description, ascorbic acid or its 
derivative is a very important constituent component in the adhesive composition of the present invention. 

The kind of ascorbic acid or its derivative is not particularly critical in the present invention, and known 35 
compounds can be used. As preferred examples of the ascorbic acid there can be mentioned L-ascorbic acid, 
D-iso-ascorbic acid and dehydroascorbic acid, and as preferred examples of the ascorbic acid derivative, 
there can be mentioned metal salts of ascorbic acid, such as sodium L-ascorbate, calcium L-ascorbate and 
sodium D-iso-ascorbate, and ascorbic acid esters such as stearyl L-ascorbate, palmityl L-ascorbate and 
2,6-dipalmityi L-ascorbate. In order to obtain an adhesive composition having an especially high adhesion 40 
strength, L-ascorbic acid or an alkali metal salt or ascorbic acid, for example, sodium L-ascorbate or sodium 
D-iso-ascorbate, is especially preferably used. 

In the present invention, the amount used of ascorbic acid and/or its derivative is not particularly critical, and 
it is sufficient if the component (d) is used in an amount of 0.01 to 10 parts by weight, preferably 0.05 to 5 parts 
by weight, per 100 parts by weight of the monomer mixture. 45 

In the adhesive composition of the present invention, it is preferred that a small amount of a polymerization 
inhibitor such as hydroquinone, hydroquinone monomethyl ether or butylhydroxytoluene be incorcorporated 
according to need in addition to the above-mentioned components (a) through (d). 

In the present invention, Incorporation of an inorganic filler often produces preferred results according to 
the kind of an adherend. For example, if an inorganic filler is added, the mechanical strength and water 50 
resistance are improved, and the flowabilrty and costing property can be adjusted. 

In the present invention, an organic solvent can be added according to need. Easily volatillzable organic 
solvents such as acetone, methylene chloride, chloroform and ethanol are preferred. The amount added of the 
organic solvent is appropriately selected according to the intended use. For example, the organic solvent is 
used in an amount of 1 to 200 parts by weight per 100 parts by weight of the monomer mixture. 55 

In the case where the adhesive composition of the present invention is applied to the dentine, it is preferred 
that the surface of the dentine be subjected to an ordinary pretreatment such as acid etching. As the acid 
etchant, there can be ordinary used an aqueous solution of phosphoric acid or a calcium, iron, copper, nickel, 
zinc or manganese salt of hydrochloric acid, sulfuric acid or an organic acid, or an aqueous solution of a 
mixture of a salt as mentioned above and an inorganic acid such as phosphoric acid or an organic acid such as 60 
citric acid, malic acid or tartaric acid. For the adhesive composition of the present invention, the latter aqueous 
solution of the mixture is preferable. An aqueous solution of ferric chloride/citric acid, an aqueous solution of 
ferric chloride/phosphoric acid, an aqueous solution of ferric citrate and an aqueous solution of zinc 
chloride/citric acid are especially preferred. 

In general, the adhesive composition of the present invention is handled and stored in a two-pack system. 65 
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Namely, liquid components and powder components are independently filled in two different packs, and at the 
curing and bonding step, necessary amounts of the liquid and powder components are taken out from the 
packs and they are kneaded together. For example, there is generally adopted a method in which the monomer 
components and the organic peroxide (or one of the tertiary amine and the a-diketone) are filled as the liquid 
5 component in one pack and the filler, ascorbic acid (or its derivative) and the organic peroxide (or one of the 
tertiary amine and a-diketone) are filled as the powder component in another pack. Of course, the liquid 
component and/or the powder component can be further divided into different packs. Moreover, the liquid and 
powder components can be packed into small packs for one application. 
As is apparent from the foregoing description, in the adhesive composition of the present invention, the 
10 adhesion strength and durability are highly improved. The adhesive composition shows an especiaily excellent 
effect when applied to a hard tissue of the human body, such as a bone or tooth, particularly the dentine, 
bonding of which is difficult according to the conventional technique. 
Furthermore, the adhesive composition is effective for bonding of metals, ceramics and organic polymers. 
The present invention will now be described in detail with reference to the following examples that by no 
15 means limit the scope of the invention. 

Incidentally, in the following examples and comparative examples, the adhesion strength to the dentine and 
the adhesion strength to a metal were determined according to the following procedures. 

(a) Adhesion Strength to Dentine 

20 A foretooth was extracted in a bovine within 24 hours from the point of slaughter, and under pouring of 
water, the bottom surface of the tooth was polished by emery paper # 800 so that the dentine was horizontally 
exposed. A double-coated tape having a hole having a diameter of 4 mm was applied to the surface of the 
exposed dentine. 

The liquid component of the adhesive component was coated on the hole by a small brush, and equal 
25 amounts of the newly collected liquid component and the powder component were mixed together and the 
surface of the dentine was bonded to the section of an acrylic resin rod having a diameter of 8 mm through the 
mixture. The mixture was exposed to a visible light source for 30 seconds, when it contained the a-diketone as 
a polymerization initiator. After passage of 1 hour, the bovine tooth having the acrylic resin rod bonded thereto 
was immersed in water at 37° C for 24 hours. The bovine tooth was taken out from water, and the adhesion 
30 strength between the dentine and the adhesive composition was measured by a tensile tester (cross-head 
speed: 10 mm/min). 

(b) Adhesion Strength to Metal 

A fresh metal surface was exposed by emery paper #800 and the surface was coarsened by an alumina 
35 sandblast treatment. A double-coated having a diameter of 4 mm was applied to the metal surface. The liquid 
component of the adhesive composition was coated on the hole by a small brush, and a mixture of equal 
amounts of the newly collected liquid component and the powder component was applied to the hole and the 
metal surface was bonded to the section of a stainless steel rod (which had been subjected to an alumina 
sandblast treatment in advance). The adhesion strength was measured in the same manner as described in (a) 
40 above. 

Examples 1 through 9 

Adhesive compositions were prepared according to the following recipe, and the adhesion strength to the 
dentine was measured. 

45 
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10 



Liquid Component 

Vinyl monomer shown (100-x) parts by weight 
in Table 1 

Acidic * parts by weight 

group-containing vinyl 
monomer shown in 
Table 1 

Ethyl 1-5 parts by weight 

4-(N,N-dimethy- 
lamino)benzoate 

Powder Component 

Polymethyl 24 parts by weight ~ /5 

methacrylate 

Methyl 76 parts by weight 

methacrytate/ethy! 

methacrylate 

copolymer 20 

Silica powder 0.1 part by weight 

Dibenzoyl peroxide 1.5 parts by weight 

Sodium L-ascorbate 3.0 parts by weight 



In Example 9 as a comparative example, the acidic group-containing vinyl monomer was not added in the 
composition of Example 1 but 20 parts by weight of methyl methacrylate was further added instead. 

The data of the adhesion strength obtained in each of the foregoing examples are shown in Table 1 . 

Incidentally, before the bonding treatment, the dentine surface was contacted with an aqueous solution 
containing 3&> of ferric chloride and 100/ 0 of citric acid for 60 seconds and was then washed with water and 
dried with air. 
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Table 1 



Example 
No. 



w 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Acidic 
Group- 
Contain- 
ing Vinyl 
Monomer 
(parts by 
weight) 

11-meth- 

acryloxy- 

1,1-unde- 

canedicar- 

boxylic 

acid (20) 

ditto (10) 

13-meth- 

acryioxy- 

1,1-tride- 

canedicar- 

boxylic 

acid (20) 

7-meth- 

acryloxy- 

1,1-hepta- 

nedicar- 

boxyiic 

acid (20) 

4-meth- 

acryloxy- 

ethyltri- 

meliitic 

anhydride 

(10) 

11-meth- 

acryloxy- 

1,1-unde- 

canedicar- 

boxylic 

acid (20) 



7 ditto (5) 

8 ditto (2.5) 

9 - 



Vinyl 
Monomer 
(parts by 
weight) 



methyl 
methacry- 
late (80) 



ditto (90) 
ditto (80) 



ditto (80) 



ditto (90) 



bisphenol 
A 

diglycidyl 

methacry- 

late (40), 

2-hydroxy- 

ethylmeth- 

acrylate 

(16), 

triethylene 

glycol 

dimeth 

aery late 

(24) 

methyl 

methacry- 

late (95) 

ditto 

(97.5) 

ditto (100) 



Adhesion 
Strength 
(kg/cm*) 



173 



147 
142 



135 



118 



141 



129 

110 
14 



60 



Examples 10 through 18 

Adhesion compositions were prepared in the same manner as described in Example 1 except that the kinds 
and amounts of the tertiary amine and organic peroxide were charged as shown In Table 2, and the adhesion 
strength to the dentine was measured. The obtained results are shown in Table 2 
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Table 2 



Example 


Organic 


Tertiary 


Adhesion 


No. 


Peroxide 


Amine 


Strength 




(parts by 


(parts by 


(kg/cm*) 




weight) 


weight) 




10 


dibenzoyl 


ethyl 


173 




peroxide 


A SKI M sj; 

4-(lN,N-Gl- 






(1.5) 


methyl- 








aminojoen- 








zoaie ^ i .oj 




11 


diacyl 


ditto l i.o) 


10/ 




peroxide 








(0.8) 






12 


dilauroyl 


ditto (1.5) 


149 




peroxide 








(1.5) 






13 


dibenzoyl 


ditto (0.5) 


153 




peroxide 








(1.5) 






14 


ditto (1.5) 


isoamyl 


162 






4-(N,N-di- 








methyl- 





15 ditto (1.5) 



16 ditto (1.5) 



17 ditto (1.0) 

18 ditto (0.5) 

19 ditto (1.5) 



20 ditto (1.5) 



amino)ben- 

zoate(15) 

4-(N,N-die- 

thyl- 

amino)- 

benzalde- 

hyde (1.5) 

N,N-di- 

methyl- 

p-toluidine 

(15) 

ditto (1.5) 

ditto (1.5) 

N,N- 

di(P~hy- 

droxy- 

ethyJ)-p-to- 

luidine(1.5) 

N,N-di- 

methyl- 

m-anisidlne 

(1.5) 



110 



122 



154 
132 
117 



105 



10 



15 



20 



25 



30 



35 



40 



45 



Examples 21 through 25 and Comparative Examples 1 through 4 

Adhesive compositions were prepared in the same manner as described in Example 1 except that a 
compound shown in Table 3 was used in an amount shown in Table 3 instead of sodium L-ascorbate, and the 
adhesion strength to the dentine was measured. The obtained results are shown in Table 3. 

For comparison, the ascorbic acid or Its derivative was not added, or other organic acid or organic acid salt 
was added instead of the ascorbic acid or its salt. Also the measurement results obtained in these comparative 
examples are shown in Table 3. 
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Table 3 



Example 
No. 



Ascorbic Amount Adhesion 
Acid or Its Added 



10 



15 



20 



25 



30 



35 



40 



Com- 
parative 
Example 
No. 



1 



Derivative 



21 L-ascorbic 
acid 

22 D-iso-as- 
corbic 
acid 

23 dehy- 
droascor- 
bic acid 

24 sodium 
D-ascor- 
bate 

25 stearyl 
L-ascor- 
bate 



DL-malic 
acid 

potassium 

benzoate 

sodium 

p-toluene- 

suifinate 

not added 



(parts by 
weight) 

2 
1 



3 
3 
3 



Strength 
(kg/cnv*) 

123 
124 

151 

186 

112 



25 
42 
61 

40 



Examples 26 through 37 

Adhesion compositions were prepared according to the following recipe, and after the preliminary treatment 
was carried out in the same manner as described in Example 1, the adhesion strength was measured. The 
obtained results are shown in Table 4. 
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Liquid Component 
Methyl nriethacryiate 

Acidic 

group-containing vinyl 
monomer shown in 
Table 4 
Acidic 

group-containing vinyl 
monomer shown in 
Table 4 

Organic peroxide 
shown in Table 4 

Powder Component 

Polymethylmethacrylate 
Methyl 

methacrylate/ethyl 
methacrylate 
copolymer 
silica powder 
Ascorbic acid or its 
derivative 



amount shown in 
Table 4 

amount shown in 
Table 4 



amount shown in 
Table 4 



amount shown in 
Table 4 



24 parts by weight 
76 parts by weight 



0.1 part by weight 
amount shown in 
Table 4 



11 



EP 0335645 A2 







OJ 




c 




Q> 




Str 


w 
E 




o 


§ 


U) 






© 








■o 




< 





8 5 



£ 8 g 8 Em 8 



o 

CO 



(0 
JQ 
i— 
O 

o 
u> 
CO 



E 

2 

O 



O O 

CO CO 

o o 

~ s 



o 

CO 

o 
■o 



o 

CO 



o 

CO 



o o 



o 

CO 



■5 £ 

CO -Q 

^ o o 

95 g 

~ ° o 

o « o 

«E* i T 

■D J Q 



P © 

S2,!o 

u o 

a £ 

<2 8 

€ 6 

O « 

O *T 

2 E 

■O 3 



o 

CO 
CD 

to 

■e 

o 
o 

I 

"2 p 8 

O CM -2* 

© SI to 



I 

© 
X 

s 

© 

o 
"c 
co 



© 



CL 

O 
N 
C 
© 
_Q 



O 
CO 

© 

o 

CO 

© 
E 



© 
E 



© 

1 

© 

^ Q. 
U> _ 

dig" 



to 



o o 

T3 T3 



1 

"D 



I J 



8 



§ 8 



O 
CO 



O 



i I 



to 



to m 



© 

CL 



>» lO lO U> 

_ | ic£ 

o © o o o 

-O "D "O -O T> 



I 



o o o o o 

CO 00 CO CO 00 

o o o o o 

T3 T) ^ T3 T3 



o 

CO 



cw >> 
c]-Q 

CO 
Q. 



c 

c 
o 
O 
a 

2 
a 

o 

"5 
< 



I 

.a 

C c 
o ca 

o 5 So 
? Sg-S E| 2 



■ (0 

o 



£ co o 

TD f- t- CO 



Q-8 
© w ' 

If 

CTX» 
O k - 
co co 

© "o 

f £ 



CD o 

is 
s 8 

JC o 

© ^ 
E © 
4 E 



li 

3 J 

<•-» © 

a> c 
E » 

1- © 



o 



CD 
CM 



h- CO 
CM CM 



o 

CM 



o 

CO 



o o 

CM CM 


o o 

Si Si 


(20) 


ditto 
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Examples 38 through 48 

Adhesive compositions were prepared according to the following recipe, and the preliminary treatment was 
carried out in the same manner as described in Example 1 and the adhesion strength to the dentine was 
measured. The obtained results are shown in Table 5. 



Liquid Component 
Methyl methacrylate 

Acidic 

group-containing vinyl 
monomer shown in 
Table 5 

Tertiary amine shown in 
Table 5 

Powder Component 

Polymethyi 

methacrylate 

Methyl 

methacrylate/ethyl 
methacrylate 
copolymer 
Silica powder 
Ascorbic acid or its 
derivative 



amount shown in 
Table 5 

amount shown in 
Table 5 



amount shown in 
Table 5 



24 parts by weight 
76 parts by weight 



0.1 part by weight 
amount shown in 
Table 5 
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Examples 49 through 55 

The adhesion strength to the dentine of the adhesion composition of Example 1 was measured in the same 
manner as described in Example 1 except that a pretreatment agent shown in Table 6 was used instead of the 
aqueous solution containing 3% of ferric chloride and 10o/o of citric acid, used in Example 1. The obtained 
results are shown in Table 6. 



Table 6 



Example No. Pretreatment Adhesion 



49 



50 



51 



52 



53 



54 



55 



Agent 



aqueous 

solution 

containing 

10o/o of 

phosphoric 

acid 

aqueous 
solution 
containing 3<Vb 
of ferric 
chloride and 
10o/o of 
phosphoric 
acid 

aqueous 
solution 
containing 
100/o of ferric 
citrate 
aqueous 
solution 
containing 30/0 
of ferric sulfate 
and 100/0 of 
citric acid 
aqueous 
solution 
containing 30/0 
of zinc chloride 
and 10% pf 
citric acid 
aqueous 
solution 
containing 30/0 
of manganess 
chloride and 
100/0 of citric 
acid 

aqueous 
solution 
containing 30/0 
of calcium 
chloride and 
100/0 citric acid 



Strength 
(kg/cm2) 



108 



187 



153 



130 



192 



90 



109 
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15 



20 



25 



30 



35 



40 



45 



50 



55 



Examples 56 and 57 Comparative Examples 5 through 8 

Adhesive compositions shown in Table 7 were prepared and the adhesion strengths to sandblasted metal 
surfaces were measured. The obtained results are shown in Table 7. 
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Table 7 



Adhesion Composition 



Adherend Methyl 



10 



15 



20 



30 



35 



40 



45 



50 



55 



60 



Ashesion Strength 
(kg/cm**) 





Liquid Componet 


Powder 








(parts by weight) 


Component (parts 
by weight) 






Example 56 


11-methacryioxy- 


polymethyl 


nickel-chromium 


350 




1,1-undecanedicar- 


methacrylate (24), 


alloy 






boxylic acid (5), 


methyl 








methyl 


methacryiate/ethyl 








methacrylate (95) 


methacrylate 








N,N-dimethyl-p-to- 


copolymer (76), 








luidine (1.5) 


silica powder (1.0), 
dibenzoyl peroxide 
(1.0), L-ascorbic 
acid (3.0) 






Example 57 


ditto 


ditto 


cobalt-chromium 
alloy 


390 


Comparative 


methyl 


ditto 


nickel-chromium 


160 


Example 5 


methacrylate (100), 




alloy 






N ,N-di methyl-p~to- 








luidine (1.5) 








Comparatice 


ditto 


ditto 


cobalt-chromium 


152 


Example 6 






alloy 




Comparative 


1 1-methacryloxy- 


polymethyl 


nickel-chromium 




Example 7 


1 ,1-undecanedi car- 


methacrylate (24) 


alloy 






boxy lie acid (5), 


methyl 






methyl 


methacrylate/ethyl 








methacrylate (95), 


methacrylate 








N,N-dimethyl-p-to- 


copolymer (76), 








luidine (1.5) 


silica powder (0.1) 
debenzoyi peroxide 
(1.0), sodium 
p-totuenesuifinate 
(3.0) 






Comparative 


ditto 


ditto 


cobalt-chromium 


104 


Example 8 






alloy 





Examples 58 through 62 

Adhesive composition were prepared according to the following recipe, and the adhesion strength to the 
dentine was prepared in the same manner as described in Example 1. The obtained results are shown in Table 
8. 



Liquid Component 

11-Methacryloxy- 

1 ,1-undecanedi carbox- 

ylic acid 

Methyl methacrylate 

N,N-DimethyI-p-to- 

iuidine 

Powder Component 

Organic filler shown in 
Table 8 

Inorganic filler shown in 
Table 8 

Dibenzoyl peroxide 
L-Ascorbic acid 



10 parts by weight 



90 parts by weight 
1.5 parts by weight 



(100-x) parts by weight 

x parts by weight 

1.5 parts by weight 
3.0 parts by weight 
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No. 



e 


Organic 


Inorganic 


Adhesion 




Filler 


Filler 


Strength 




(parts by 


(parts by 


(kg/cm 2 ) 




weight) 


weight) 




58 


methyl 


... 

siiica-zir- 






metnacry- 


coma louj 






laie/ einyi 








1 1 ic it ia\*i y 








late 






















59 


ditto (OUJ 


ouio {oU) 


mo 


oU 


ulttO v'^i 


quartz 








(30) 




61 


methyl 


hydroxya- 


110 




methacry- 


patite (10) 






late (90) 






62 


ditto (80) 


silica-tita- 


105 






nia (20) 





70 



75 



50 



Example 63 and Comparative Example 9 25 
The dentine of a bovine tooth as described in Example 1 was exposed, and a paraffin wax having a hole 

having a diameter of 4 mm was fixed to the exposed surface by using a double-coated tape to form an imitation 

cavity having the exposed surface as the bottom surface. 
A mixture of equal amounts of components A and B of an adhesive composition shown in Table 9 was 

coated on said bottom surface, and a commercially available photocurable composite resin (Palfique lite 30 

supplied by Tokuyama Soda) was inserted in the immltation cavity. Then, the composite resin was irradiated for 

30 seconds by using a commercially available visible ray irradiator (White Light supplied by Takara Bermont) to 

cure the composite resin. 

After curing of the composite resin, the paraffin wax was removed, and the bovine tooth/cured composite 
resin bonded structure was immersed in water at 37° C for 24 hours. A metalattachment was set to each of the 35 
cured composite resin and the bovine tooth, and the adhesion strength was measured by a tensile tester 
(cross-head speed = 10 mm/min). 

Incidentally, Instead of the polymethyl methacrylate filler used in Example 63, the same amount of methyl 
methacrytete monomer was used. 

The obtained results are shown in Table 9. 40 
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Table 9 



10 



15 



20 



25 



30 





Compo- 


Compo- 




nent A 


nent B 




(parts by 


(parts by 




weight) 


weight) 


Example 


11-meth- 


DOlV- 


63 


acryloxy- 


methyl- 






methaerv- 




1-undeca- 


late (100), 




nedicar- 


silica 




boxylic 


powder 




acid (20), 


(0.1), 




methyl 


dibenzoyl 




methacry- 


peroxide 




late (80) , 


(1.5), 




N,N-di- 


L-ascorbic 




methyl- 


acid (3.0) 




p-toluidine 






(1.5) 




Com- 


ditto 


methyl 


parative 




methacry- 


Example 9 




late (100), 



dibenzoyl 
peroxide 
(1-5), 

L-ascorbic 
acid (3.0) 



Adhesion 
Strength 
(kg/cm2) 



110 



30 



Examples 64 through 69 and Comparative Example 10 

Adhesion composition were prepared according to the following recipe, and after the preliminary treatment 
was carried out in the same manner as described in Example 1, the adhesion strength was measured. The 
35 obtained results are shown in Table 10. 



Liquid Component 



40 



45 



50 



55 



parts by weight 



Vinyl monomer shown 


(100-x) 


in Table 10 




Acidic 


X 


group-containing vinyl 




monomer shown In 




Table 10 




camphorquinone 


0.4 


Powder Component 




Polymethyl 


24 


methacrylate 




Methyl 


76 


methacrylate/ethyl 




methacrylate 




copolymer 




Silica powder 


0.1 


Dibenzoyl peroxide 


1.5 


Sodium L-ascorbate 


3.0 
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Table 10 



Example 
No. 



64 



65 
66 



67 



68 



Acidic 
Group- 
Contain- 
ing Vinyl 
Monomer 
(parts by 
weight) 

11-meth- 
acryloxy- 
1,1-unde- 
canedicar- 
boxylic 
acid (20) 
ditto (10) 
13-meth- 
acryloxy- 
1,1-tride- 
canedicar- 
boxylic 
acid (20) 
7-methac- 
ryloxy- 
1,1-hepta- 
nedicar- 
boxylic 
acid (20) 
4-methac- 
rylox- 
yethyltri- 
mellic.acid 
anhy- 
dride^ 0) 
11-meth- 
acryloxy- 
1,1-unde- 
canedicar- 
boxlicacid 
(20) 



Vinyl Adhesion 

Monomer Strength 

(parts by (kg/cm^) 
weight) 



methyl 
methacry- 
late (80) 



ditto (90) 
ditto (80) 



ditto (80) 



ditto (90) 



bisphenol 
A 

digiycidyt 
methacry- 
late (40) 

2-hydroxy- 
ethyl 

methacry- 

late (16) 

triethylene 

glycol 

dimethac^ 

rylate(24) 



Com- 
parative 
Example 
10 



methyl 
methacry- 
late (100) 



108 



98 
104 



102 



101 



106 



14 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Examples 70 through 76 and Comparative Examples 11 through 14 

Adhesion compositions wera prepared In the same manner as described in Example 1 except that the kinds 
and amounts of a-diketone and ascorbic acid or its derivative were changed as shown in Table 11, and the 
adhesion strength to the dentine was measured. The obtained results are shown in Table 11. 
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Table 11 



5 



20 



25 



30 



40 



Example 


a-di- 


Ascorbic 


Adhesion 


No. 


ketone 


acid or its 


Strength 




(parts by 
weight) 


a en van ve 
(parts by 
weight) 




70 


benzii 
(1.0) 


sodium 
L-ascor- 
bate (3.0) 


100 


71 


diacetyi 
(0.5) 


ditto (3.0) 


98 


72 


camphor- 

quinone 

(0.4) 


L-ascorbic 
acid (3.0) 


92 


73 


ditto 


D-iso-as- 
corbic 
acid (1.0) 


90 


74 


ditto 


dehy- 
droascor- 
bic acid 
(3.0) 


90 


75 


ditto 


sodium 
D-iso-as- 
corbate 
(1.0) 


109 


76 


ditto 


stearyl 
L-ascor- 
bate (3.0) 


93 


Com- 


ditto 


DL-malic 


24 


parative 




acid (3.0) 




Example 








11 








12 


ditto 


potassium 

benzoate 

(3.0) 


38 


13 


ditto 


sodium 
p-toluene- 
sulftnate 
(3.0) 


27 


14 


ditto 


not aded 
(-) 


20 



Example 77 and Comparative Example 15 

A mixture of equal amounts of components A and B of an adhesive compositions shown in Table 12 were 
prepared, and after the preliminary treatment was carried out in the same manner as described in Example 63, 
50 the adhesion strength was measured. The obtained resutls are shown in Table 12. 
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Table 12 



Example 
77 



Com- 
parative 
Example 
15 



Com no- 




Adhesion 


nent A 


nent B 


Strength 


f Darts bv 


(Darts bv 


fkq/cm 2 ) 


weight) 


weight) 




11-meth- 


poly- 


120 


acryloxy- 


methyl 




undeca- 


methacry- 




nedicar- 


late (100) 




boxyllc 






acid (20) 






methyl 


silica 




methacry- 


powder 




iate (80) 


(0.1) 




camphor- 


dibenzoyl 




quinone 


peroxide 




(0.4) 


L-ascorbic 






acid (3.0) 




ditto 


methyl 


41 




methacry- 






late (100) 






dibenzoyl 






peroxide 






(1.5) 






L-ascorbic 






acid (3.0) 





10 



15 



20 



25 



30 



Claims 



1. An adhesive composition comprising (a) 100 parts by weight of a monomer mixture comprising a 
vinyl monomer having an acidic group in the molecule and a vinyl monomer copolymerizable with said vinyl 
monomer, (b) 10to 500 parts by weight of a filler, (c) 0.01 to 10 parts by weight of a polymerization initiator 
and (d) 0.01 to 10 parts by weight of ascorbic acid or a derivative thereof. 

2. An adhesive composition as set forth in claim 1 , wherein the acidic group is a carboxyi group. 

3. An adhesive composition as set forth In claim 1 or 2 wherein the content of the vinyl monomer having 
an acidic group in the monomer mixture is 1 to 9Wo by weight. 

4. An adhesive composition as set forth in any one of the preceding claims wherein the copolymerizable 
vinyl monomer is an acrylic acid ester or a methacrylic acid ester. 

5. An adhesive composition as set forth in any one of the preceding claims wherein the filler is a 
homopolymer or copolymer of an acrylic acid ester or a methacrylic acid ester. 

6. An adhesive composition as set forth in any one of the preceding claims wherein the polymerization 
initiator is at least one member selected from the group consisting of organic peroxides and tertiary 
amines. 

7. An adhesive composition as set forth in claim 6 wherein the organic peroxide is a diacyl peroxide. 

8. An adhesive composition as set forth in any one of the preceding claims wherein the vinyl monomer 
having an acidic group is a monomer represented by the following formula: 

CH 2' C \ / C ° 2H 
n 2 n \ 
0 C0 2 H 

wherein Ri stands for a hydrogen atom or a methyl group, and n is a number of from 4 to 12. 

9. An adhesive composition as set forth in any one of claims 1 to 7 wherein the vinyl monomer having an 
acidic group is a monomer represented by the following formula: 
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CH 2 =C 

COfCH^O - C - X 

o 

wherein F»2 stands for a hydrogen atom or a methyl group, m is a number of from 2 to 4, and X stands for 



8 



O 0 
II . II 

- - C ^0 or - 0H 




c 

0 & 



C - OH 



15 



10. An adhesive resin composition as set forth in any one of the preceding claims, which is of a two-pack 
system wherein (i) a liquid component comprising the vinyl monomer having an acidic group in the 
molecule or the monomer mixture of said acidic group-containing vinyl monomer and the vinyl monomer 
copolymerizable therewith and (ii) a powder component comprising ascorbic acid or its derivative and the 
20 filler are filled in different packs, and at the time of curing, appropriate amounts of the liquid and powder 

components are taken out from the packs and are mixed. 
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© Adhesive composition. 



© Disclosed is an adhesive composition compris- 
ing (a) 100 parts by weight of a monomer mixture 
comprising a vinyl monomer having an acidic group 
in the molecule and a vinyl monomer copolymeriza- 
ble with said vinyl monomer, (b) 10 to 500 parts by 
weight of a filler, (c) 0.01 to 10 parts by weight of a 
polymerization initiator and (d) 0.01 to 10 parts by 
m weight of ascorbic acid or a derivative thereof. 
£2 This adhesive composition has a high bonding 
"force and an excellent durability even in a severe 
W environment, for example, in the environment in the 
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oral cavity. Accordingly, this adhesive composition is 
especially valuable used as a dental adhesive. 
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